PHYSICAL MODELING
As proposed in (1) , when focusing on the dynamical assembly of histone octamers along the DNA chain, chromatin can be reasonnably modeled by a fluid of rods of finite extension l (the DNA wrapping length around the octamer), binding and moving in an external potential E(s) (the effective nucleosome formation potential) and interacting (potential v(s, s ) ) on a 1D substrate (the DNA chain). Within the grand canonical formalism, considering that the fluid is in contact with a thermal bath (at reciprocal temperature β) and a histone octamer reservoir (at chemical potential µ), the thermodynamical equilibrium properties of the system are described by the grand partition function:
where V (s (N ) ) is the total potential energy of the N rods system:
From Eqs. (S1) and (S2), we get the nucleosome density profile as:
The thermodynamics of such system has been widely investigated in the literature. In the case of monodisperse hard rods on a uniform external potential, this is the well known Tonk gas (2) . In the case of a non uniform external potential of interest here, the problem was partly solved in (3) where an exact functional relationship between the residual chemical potential µ − E(s) and the hard rods density ρ(s) was derived.
Nucleosome formation energy
To compute the energy landscape associated to the formation of one nucleosome at a given position along DNA, we assumed that (i) DNA was an unshearable elastic rod whose conformations are described by the set of three local angles Ω 1 (s) (tilt), Ω 2 (s) (roll), Ω 3 (s) (twist), and (ii) the DNA chain along the nucleosome at position s was constrained to form an ideal superhelix of radius R = 4.19 nm and pitch P = 2.59 nm (4) over a total length l which fixed the distribution of
Within linear elasticity approximation, the energy cost for nucleosome formation is given by: 
Nucleosome density profile
Since there are several nucleosomes, interactions between neighbouring nucleosomes have to be considered. We assumed that these interactions are dominated by steric hindrance, modeled by a hard core potential of size l between 1D rods. According to (3), the equilibrium density ρ(s) of hard rods in an external field E(s, l) obeys the nonlinear integral equation:
This equation has an explicit solution (10) that required numerical integration. In order to assign values to the relative chemical potential µ − E, the variance σ 2 (E) and l, we performed simulations on yeast chromosome 3 and compared them to in vivo nucleosome positioning data (11).
We imposed that 70% of the sequence was covered by nucleosomes and that the simulated and experimental nucleosome occupancy profiles had the same variance and autocorrelation profiles, we ended with the following parameter values:
Note that the hard rod size l = 125 bp is smaller than the well known length L c = 147 bp of complexed DNA in the nucleosome core particle (4).
Nucleosome free regions
In order to predict the nucleosome free regions (NFR) observed in the experiment (11), we used both the energy profile E(s) and the nucleosome occupancy probability profile P (s) obtained by convolving the nuclesome density ρ(s) with a square function of width L c = 147 bp:
Two major features were required for a region to be qualified as free of nucleosome: (i) P (s) < 0.35;
(ii) the energy E(s) of this region is higher than the energy of the surroundings as the signature of the presence of an excluding energy barrier. This second requirement was added to prevent linkers from being labeled as NFR whereas the nucleosome depletion only stems from parking effects resulting in strong nucleosome positioning rather than true sequence impairment.
To specify the position of these excluding genomic energy barriers, we thresholded P (s) < 0.35
and only kept the minima of the resulting signal. Then we checked for the presence of a barrier in E(s): after removing the low-frequency trends in E(s) with a high-pass filter, if the energy profile was still higher than 3 kT at the position of the minima of P (s), then we accepted it as a NFR. We assigned a score to the so-defined energy barriers as the mean number of nucleosomes in a 125 bp wide window centered at the barrier position, the smaller the better. The width of a NFR was determined through the detection of the nearest inflexion points (IP) in P (s). To detect these points of steep variation of P (s), we investigated the correlation between P (s) and a sliding first-order wavelet defined as the first derivative of a Gaussian function of width 30 bp. Wherever the correlation coefficient was higher than 0.4, the corresponding point was defined as an IP. The width of the NFR was then defined by the distance between the nearest left IP (steep rising of E(s)) and the nearest right IP (steep decrease of E(s)) bordering an energy barrier.
CYTOSINE METHYLATION, CpG OBSERVED/EXPECTED RATIO AND CpG ISLANDS
We took advantage of cytosine methylation data obtained by the Human Epigenome Project using bisulphite DNA sequencing (12) (13) (14) to check that the CpG observed/expected ratio (CpG o/e; See (17, 18) . The different colored profiles correspond to the DNase I HS score (black, resolution 1 kbp), the NFR density (blue, resolution 100 kbp), the CpG o/e (red, resolution 100 kbp), the GC content (magenta, resolution 100 kbp) and the replication timing ratio tr (light blue, inhomogeneous spatial resolution ∼ 300 kbp). The proportion of small genes (resp. intergenes) corresponds to the ratio between the sequence length covered by small genes (resp. intergenes) and the total length covered by genes (resp. intergenes). Proportion of amplicons having a mean methylation level < 25% versus their coverage by CGIs when they overlap a CGI (left) or their distance to the closest CGI (right). In (B,C), data points were obtained by (i) sorting amplicons according to their mean methylation level, CGI coverage or distance to closest CGI, (ii) grouping them into classes following that order and (iii) computing CpG o/e ratio or the proportion of low methylated amplicons and average methylation level, CGI coverage or distance to closest CGI over each class; vertical bars represent the standard error; horizontal bars represent the ranges of methylation level, CGI coverage or distance to closest CGI over each class.
